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The eﬀectiveness of glycine in treating experimental lead intoxication was examined in rats. Male Wistar rats were exposed to
3g/L lead acetate in drinking water for 5 weeks and treated thereafter with glycine (100 and 500mg/kg, orally) once daily for
5days or glycine (1000mg/kg, orally) once daily for 28days. The eﬀect of these treatments on parameters indicative of oxidative
stress (glutathione and malondialdehyde levels), the activity of blood δ-aminolevulinic acid dehydratase, and lead concentration
in blood, liver, kidney, brain, and bone were investigated. Liver samples were observed for histopathological changes. Glycine was
found to be eﬀective in (1) increasing glutathione levels; (2) reducing malondialdehyde levels; (3) decreasing lead levels in bone
with the highest dose. However, glycine had no eﬀect on lead mobilization when 100 and 500mg/kg glycine were administered. In
microscopic examination, glycine showed a protective eﬀect against lead intoxication.
1.Introduction
Lead is a pollutant with no beneﬁcial biological role, and its
toxicity causes numerous malfunctions. The liver, kidneys,
and brain are considered to be the target organs for the toxic
eﬀects [1]. Although human lead toxicity has decreased since
discontinuation of the use of lead as a gasoline additive, its
exposure continues to be a public health problem across
the world [2]. A number of recent studies conﬁrmed the
possible involvement of reactive oxygen species in lead-
induced toxicity [3, 4]. Oxidative stress has been implicated
for its contribution to lead-associated tissue injury in the
liver, kidneys, brain, and other organs. In this context,
several studies have been conducted to determine the eﬀect
of antioxidant supplementation in lead intoxication [5–8].
Ascorbic acid, vitamin E, methionine, and α-lipoic acid have
been administered along with lead or after lead exposure.
Data suggest that antioxidants may play an important role in
abating some hazards of lead, increasing lead mobilization,
and providing recoveries in altered biochemical variables
[9, 10].
Recently, glycine, the simplest of the amino acids, has
beengivenalotofimportanceforitsantioxidant eﬀects[11].
Shaikh and Tang [12] investigated the eﬀect of glycine on
chronic cadmium toxicity in rats and reported that glycine
protects against cadmium-induced hepatotoxicity as well as
nephrotoxicity by blocking the lipid peroxidation. Deters
et al. [13] reported that glycine prevented damage induced
in isolated perfused rat livers by some hepatotoxic agents.
This protection was evaluated by the reduction of lipid
peroxidation (LPO) and the increase of glutathione (GSH)
levels.2 Journal of Toxicology
Al-Neamy et al. [14] determined the eﬀect of blood lead
on the plasma levels of amino acids in exposed lead workers.
They reported that nonessential amino acids such as glycine
showed signiﬁcantly higher values in exposed workers than
in nonexposed workers. On the other hand, Sanguinetti
et al. [15] reported an abnormal excretion of glycine in
occupationalexposuretoleadworkers.Morerecently,Okoko
and Awhin [16] reported that glycine can reduce cadmium-
induced alterations in culture cells. These ﬁndings support
the important antioxidant role of this amino acid.
Given the reported beneﬁcial eﬀects of glycine in provid-
ing recovery in oxidative stress, it was considered worthwhile
to determine whether therapeutic beneﬁts could be provided
if this amino acid was administered after lead exposure.
There is currently no basis for recommending the use of
antioxidants; in particular, their optimal doses for treating
lead intoxication are not yet known.
In this paper, we evaluated the eﬀect of glycine admin-
istration using three diﬀerent doses. We also evaluated the
eﬀect of duration of treatment with the highest dose. This
was done to determine the possible inﬂuence of the dose
of glycine on lead mobilization and its protection in lead-
induced oxidative stress and to make a correlation between
these parameters and histopathological liver changes.
2.MaterialsandMethods
2.1. Animals. All experiments were performed using adult
male Wistar rats, weighing 160 ± 20g, housed in stainless
steel cages in a temperature controlled (22◦C) room main-
taininga12hlight:darkcycle.Theratswereallowedstandard
rat chow and water ad libitum throughout the experiment.
Thirty animals were randomized into six groups (n = 5).
Group I, the negative control, was given only standard rat
chow and water. Group II, the positive control, received
3g/L lead acetate in their drinking water ad libitum for 5
weeks; for 5 days afterwards, this group received plain water.
Group III received 3g/L lead acetate in their drinking water
during weeks 1–5, and glycine (100mg/kg) was given for 5
days afterwards. Group IV received 3g/L lead acetate in their
drinking water during weeks 1–5, and glycine (500mg/kg)
w a sg i v e nf o r5d a y sa f t e r w a r d s .G r o u pVr e c e i v e d3 g / L
lead acetate in their drinking water during weeks 1–5,
and glycine (1000mg/kg) was given for 28 days afterwards.
Group VI, exposed to lead for 5 weeks, was the positive
control; rats in this group received plain water for 28 days
afterwards.
The glycine solutions were freshly prepared and were
administered by gavage (stomach tube) at three doses (100,
500, and 1000mg/kg body weight). Control animals were
administered water in the same way on the same schedule.
One day after the last treatment, rats were anesthetized with
sodium pentobarbital and blood samples were collected with
lead-free needles via intracardiac puncture. The right femur
and organs (liver, both kidneys, and brain) were resected and
rinsed in cold saline, weighed, and used for lead analysis and
biochemical assays. Rat livers were washed in situ via the
portal vein with cold saline.
2.2. Blood δ-Aminolevulinic Acid Dehydratase. The activity
of blood δ-aminolevulinic acid dehydratase (ALAD) was
assayed according to the procedure of Tomokuni [17].
Brieﬂy, 0.2mL of heparinized blood was mixed with 1.3mL
of distilled water and incubated for 10min at 37◦Cf o r
complete hemolysis. After adding 1mL of standard δ-
aminolevulinic acid, the tubes were incubated for 60min at
37◦C. The reaction was stopped after 1h by adding 1mL
of trichloroacetic acid (TCA). An equal volume of Ehrlich
reagent was added to the supernatant, and absorbance at
555nm was recorded after 5min.
2.3. Hepatic and Renal GSH. To determine hepatic and renal
GSHconcentration,0.25goftissuesamplewashomogenized
on ice with 0.75mL of phosphate buﬀer. A 5% TCA
supernatant of the homogenate was poured into the mixture
with the 5,5
 -bis-dithionitrobenzoic acid (Ellman reagent),
and the absorbance at 412nm was measured [18]. The
GSH concentration in the samples was determined using a
calibration curve obtained from a GSH standard solution.
2.4.HepaticandRenalLPO. Lipidperoxidation,asestimated
by the formation of malondialdehyde (MDA), was deter-
mined for hepatic and renal samples using the technique of
Ohkawa et al. [19]. Brieﬂy, the tissue samples were minced
and homogenized in a ratio of 1g of wet tissue to 4mL of
phosphate buﬀer (pH = 7.4). Homogenates (0.1mL) were
added into 0.2mL of 8.1% sodium dodecyl sulfate, 1.5mL
of20%aceticacid,1.5mLof0.8%thiobarbituricacid(TBA),
and0.7mLofdistilledwater.Sampleswereheatedfor60min
at 95◦C. After cooling with tap water, a mixture of n-butanol
and pyridine (15:1, v/v) was added, and the mixture was
shaken vigorously. Following centrifugation at 4000rpm for
10min, the absorbance of the organic layer was measured at
532nm. The concentration of the TBA–MDA complex in the
samples was determined using a calibration curve obtained
from a 1,1,3,3,-tetraethoxypropane standard solution.
2.5. Blood and Tissue Lead Determination. For blood, liver,
kidney, brain, and bone, wet tissue weight and volume of
blood were recorded. After tissue digestion with concen-
trated HNO3 using a Microwave Digestion System (Model
MDS 2000), samples were brought to a constant volume and
tissue lead content was determined following the procedure
standardized in our laboratory according to the NOM-199-
SSA1-2000 [20] using an atomic absorption spectropho-
tometer (PerkinElmer Zeeman 5100).
2.6. Protein Determination. The Lowry method [21]w a s
used to determine the protein content of the tissue homo-
genates.
2.7. Histopathological Changes. The liver was removed,
rinsed with normal saline, and cut into small pieces. Tissue
pieces were ﬁxed in solutions and paraﬃne m b e d d e d .
Specimens were cut into 5μm thick sections and stained
withhematoxylinandeosin(H&Estain),andapoptosismea-
sured by DNA fragmentation was quantiﬁed using TUNELJournal of Toxicology 3
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Figure 1: Therapeutic eﬃcacy of glycine (100mg/kg) on GSH levels in the liver and kidney of lead-exposed rats. Values are mean ± SE;
n = 5.
∗P < 0.05 compared with positive lead control.
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Figure 2: Therapeutic eﬃcacy of glycine (100mg/kg) on LPO levels in liver and kidney of lead-exposed rats. Values are mean ± SE; n = 5.
∗P < 0.05 compared with positive lead control.
assays. We used histological sections and a commercial kit
(Trevigen).Histopathologicalchangeswereobservedbylight
microscopy. The following parameters were evaluated: (1)
liver architecture, (2) cell characteristics, and (3) nuclei char-
acteristics.
2.8. Statistical Analysis. Data comparisons were conducted
using a one-way analysis of variance followed by Tukey’s post
hoc test to compare results between the diﬀerent treatment
groups. A diﬀerence between animals exposed and not
exposed to lead (with or without glycine treatment) with
P<0.05 was considered signiﬁcant.
3. Results
Lead exposure caused a signiﬁcant increase in its levels in
blood, brain, liver, kidney, and bone samples compared with
samples from controls (Table 1). Levels of lead in the blood
and the soft tissues decreased signiﬁcantly in the control
group that was exposed to lead for 5 weeks and then received4 Journal of Toxicology
(a) (b) (c)
(d) (e)
Figure 3: Histological lesions in the liver of rats exposed to lead. (a) Structure of a classic lobule with severe damage (H&E stain ×20). (b)
Inﬂammatory cell inﬁltration (H&E stain ×64). (c) Irregular membrane cell, condensed and eosinophilic cytoplasm (H&E stain ×64). (d)
Hyperchromatic and pyknotic nuclei (H&E stain ×64). (e) Apoptotic parenchyma cells (TUNEL stain ×64).
water for 28 days (Table 1). However, the levels did not
decrease to the values observed in rats not exposed to lead
(Table 1).
The data demonstrate that none of the treatments was
eﬀectiveinmobilizingleadfrombloodandsofttissuesexcept
for the higher dose of glycine, which mobilized lead from the
femur (Table 2).
Lead intoxication caused a 70% inhibition of ALAD
activity. None of the glycine treatments returned the ALAD
activity to normal values.
Lead exposure caused a decrease in levels of hepatic and
renal GSH. These levels were increased with all treatments
and did not show a diﬀerence between treatments in rats not
exposed to lead. Figure 1 s h o w sG S Hl e v e l si nr a t st r e a t e d
with the lower dose of glycine.
Lead exposure caused an increase in the levels of hepatic
and renal lipid peroxidation. These levels were decreased
with all treatments and did not show a diﬀerence between
treatments in rats not exposed to Pb. Figure 2 shows LPO
levels in rats treated with the lower dose of glycine.
Histopathological examinations indicate that lead expo-
sureaﬀectedthestructuralintegrityoftheliver,characterized
by extensive hepatocellular degeneration or necrosis, or
inﬂammatory cell inﬁltration. Congestion and dilatation of
sinusoidal and portal vein branches were also observed.
Hepatocytes were irregular in shape and showed changes in
nuclear and cell size with an increased nuclear/cytoplasmic
ratio with respect to the negative control group. The nuclei
were often hyperchromatic and pyknotic. Lead also induced
apoptotic fragments of DNA in liver observed through ter-
minal deoxynucleotidyl transferase-mediated dUTP labeling
(TUNEL) staining. Figure 3 shows liver tissue from rats
exposed to lead.
Treatment of lead-exposed animals with the lowest doses
of glycine showed marked improvement in histopathological
changes. Sinusoidal congestion in the liver was diminished,
and the portal vein diameter was normal. However, a high
proportion of apoptotic nuclei were seen in parenchyma
cells. Figure 4 shows liver sections from rats exposed to lead
and treated with glycine.
Treatment of lead-exposed animals with the higher doses
of glycine showed marked improvement in histopathological
changes. Sinusoidal congestion in the liver was diminished,
and portal vein diameter was normal. Apoptotic nuclei
were seen in parenchyma cells and around the central vein.
Figure 5 shows liver tissues from rats treated with glycine.
4. Discussion
One of the most notable observations in the present study
was the signiﬁcant depletion of bone lead after glycine
(1000mg/kg) administration. However, glycine administra-
tion at daily doses of 100 and 500mg/kg for 5 days was
unable to induce an eﬀective decrease in this toxicokinetic
parameter of lead. This might be because a 5-day course of
treatment with glycine is inadequate to achieve optimumJournal of Toxicology 5
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Figure 4: Histological lesions in the liver of rats exposed to lead and treated with glycine 100mg/kg for 5 days. (a) Classic liver lobule,
sinusoids, portal triads, and portal vein diameter were normal (H&E stain ×20). (b) Inﬂammatory cell inﬁltration (H&E stain ×64). (c)
Irregular membrane cell (H&E stain ×64). (d) Necrosis (H&E stain ×64). (e) Nucleus irregular in shape (H&E stain ×64). (f) Apoptosis
(TUNEL stain ×20).
Table 1: Lead concentration in the blood (μg/dL), brain, liver, kidney, and bone (μg/g) of rats. Lead was given in drinking water for 5 weeks,
after which, the lead was withdrawn and the rats (1) received plain water for 5 days or (2) received plain water for 28 days.
Control groups Blood Brain Liver Kidney Bone
Negative control 0.65 ± 0.23 0.21 ± 0.05 0.50 ± 0.17 0.20 ± 0.05 1.1 ± 0.3
Positive lead control1 39.2 ±5.1a 1.54 ±0.30a 2.3 ±0.30a 10.9 ±2.7a 514.5 ±69a
Positive lead control2 24.3 ±3.6a,b 0.90 ±0.15a,b 1.0 ±0.20a,b 6.7 ±1.3a,b 407.4 ±31.2a,b
aP < 0.05 compared with negative control values.
bP < 0.05 compared with positive lead control1.
eﬀects. We believe that duration of treatment as well as the
glycine concentration might be important.
Although one of the major drawbacks of lead mobiliza-
tion is its redistribution from bone to other critical tissues
[22, 23], we did not observe an increase in the levels of
lead in blood, liver, kidney, or brain tissues after glycine
treatment when they were compared with their respective
positive controls. This suggests that glycine can aﬀect lead
toxicokinetics in rats in a useful way.
The present study is the ﬁrst reported that shows that
glycine is an amino acid eﬀective in mobilizing lead from
bone. The literature has indicated that sulfur compounds
such as methionine [24] increase the bioavailability of glu-
tathione,whichisusefulinchelatinglead,thuscounteracting
thetoxiceﬀectsofthemetal.However,glycineisnotasulfur-
containing compound. It participates in GSH synthesis, and
it facilitates the γ-glutamyl cysteinyl ethyl ester-mediated
increase in intracellular GSH levels in rat hepatocytes [25].
Thus, GSH combines with certain nonnutrients, such as
drugs and poisons, and promotes their biotransformation
[26].Thismightexplainwhyleadbonelevelsareloweredasa
result of the combination of GSH with lead, with subsequent
excretion of the complex.
However, the mechanism by which glycine decreased
the level of lead in bone could not be explained explicitly
and requires further research, such as the measurement of
urinary and fecal lead excretion. Experiments along these
lines are already underway in our laboratory, and we are
continuing the evaluation of other antioxidants in rats using
diﬀerent doses.
The high concentration of lead in diﬀerent tissues
has been associated with oxidative stress, which might be
responsible, at least in part, for lead’s toxic eﬀects. We
observed that lead exposure results in a marked increase in6 Journal of Toxicology
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Figure 5: Histological lesions in the liver of rats exposed to lead and treated with glycine 1000mg/kg for 28 days. (a) Classic liver lobule,
sinusoids, portal triads, and portal vein diameter were normal (H&E stain ×20). (b) Inﬂammatory cell inﬁltration (H&E stain ×64). (c)
Regular membrane cell, heterogeneous cytoplasm (H&E stain ×64). (d) Nucleus hyperchromatic with absence of basophilic staining (H&E
stain ×64). (e) Apoptotic cells in the parenchyma (TUNEL stain ×64). (f) Apoptotic cells around the central vein (TUNEL stain ×64).
Table 2: Lead concentration in the blood (μg/dL), brain, liver, kidney, and bone (μg/g) of rats. Lead was given in drinking water for 5
weeks, after which, the lead was withdrawn, and glycine (100 or 500mg/kg) treatment was given at a daily oral dose for 5 days, or glycine
(1000mg/kg) treatment was given at a daily oral dose for 28 days.
Treatments Blood Brain Liver Kidney Bone
Glycine (100mg/kg) 40.5 ± 2.3 1.25 ± 0.24 2.2 ± 0.20 10.1 ± 1.3 499.9 ± 16.3
Glycine (500mg/kg) 39.1 ± 2.1 1.41 ± 0.24 1.9 ± 0.30 9.1 ± 1.4 446.9 ± 42.8
Glycine (1000mg/kg) 22.5 ± 1.9 0.91 ± 0.18 0.80 ± 0.40 5.9 ± 1.7 306.9 ±35.5a
aP < 0.05 compared with its positive lead control.
LPO in kidney and liver tissues. GSH levels were decreased
in rats exposed to lead. We found that glycine therapy was
eﬀective in mitigating all of the eﬀects of lead on parameters
indicative of oxidative stress. These ﬁndings were equally
observed at the three doses evaluated. On the other hand,
one of the most important physiological functions of GSH
is to protect the thiol groups located on some proteins and
enzymes such as ALAD from oxidizing [27]. Although the
three glycine treatments resulted in a signiﬁcant increase
in GSH levels, we did not observe reactivity of ALAD. We
believe that the high levels of lead in blood in all groups
treated may also explain the lack of reactivity of ALAD.
In this regard, glycine has already been shown to have
protective eﬀects against lead intoxication. Its beneﬁcial
eﬀects could be attributed to its ability to reverse measures
of oxidative stress, suggesting that glycine has an excellent
antioxidant eﬀect.
This study also showed that lead induced hepatotoxicity,
as evidenced by biochemical measurements and histopatho-
logical changes that were consistent with the observations
of other investigators [28]. It is of interest that despite the
glycine-induced reversal of measures of oxidative stress, the
histopathological examination of liver tissues conﬁrmed that
there was still some cellular damage.
In conclusion, treatment with glycine signiﬁcantly
d e c r e a s e dl e a dl e v e l si nb o n ea n dm i t i g a t e da l lo ft h e
eﬀects of lead on parameters indicative of oxidative stress in
hepatic and renal samples. These ﬁndings show that glycine
has an important antioxidant activity and accelerates the
elimination of lead when it is administered at a high dose.Journal of Toxicology 7
Treatment of rats with smaller and higher doses of glycine
provided similar protection against lead-induced cellular
liver damage and reversed completely the damage to classic
liver architecture.
References
[1] R. P. Sharma and J. C. Street, “Public health aspects of
toxic heavy metals in animal feeds,” Journal of the American
Veterinary Medical Association, vol. 177, no. 2, pp. 149–153,
1980.
[2] D.J.Brody,J.L.Pirkle,R.A.Krameretal.,“Bloodleadlevelsin
the US population. Phase 1 of the Third National Health and
Nutrition Examination Survey (NHANES III, 1988 to 1991),”
JournaloftheAmericanMedicalAssociation,vol.272,no.4,pp.
277–283, 1994.
[ 3 ]S .J .S .F l o r a ,M .M i t t a l ,a n dA .M e h t a ,“ H e a v ym e t a li n d u c e d
oxidative stress and its possible reversal by chelation therapy,”
Indian Journal of Medical Research, vol. 128, no. 4, pp. 501–
523, 2008.
[4] M. Pande and S. J. S. Flora, “Lead induced oxidative damage
and its response to combined administration of alpha-lipoic
acid and succimers in rats,” Toxicology, vol. 177, no. 2-3, pp.
187–196, 2002.
[5] A. K. Upadhyay, R. Mathur, M. Bhadauria, and S. K. Nirala,
“Therapeutic inﬂuence of zinc and ascorbic acid against lead
induced biochemical alterations,” Therapie, vol. 64, no. 6, pp.
383–388, 2009.
[6] E. Caylak, M. Aytekin, and I. Halifeoglu, “Antioxidant eﬀects
of methionine, α-lipoic acid, N-acetylcysteine and homocys-
teine on lead-induced oxidative stress to erythrocytes in rats,”
Experimental and Toxicologic Pathology,v o l .6 0 ,n o .4 - 5 ,p p .
289–294, 2008.
[ 7 ]S .J .S .F l o r a ,M .P a n d e ,a n dA .M e h t a ,“ B e n e ﬁ c i a le ﬀect
of combined administration of some naturally occurring
antioxidants (vitamins) and thiol chelators in the treatment
of chronic lead intoxication,” Chemico-Biological Interactions,
vol. 145, no. 3, pp. 267–280, 2003.
[8] E. L. Mass´ o-Gonz´ alez and M. T. Antonio-Garc´ ıa, “Natural
antioxidants protect against lead-induced damage during
pregnancy and lactation in rat’s pups,” Ecotoxicology and
Environmental Safety, vol. 72, no. 8, pp. 2137–2142, 2009.
[9] Y. Liao, F. Yu, Y. Jin et al., “Selection of micronutrients
used along with DMSA in the treatment of moderately lead
intoxicated mice,” Archives of Toxicology, vol. 82, no. 1, pp. 37–
43, 2008.
[10] R. C. Patra, D. Swarup, and S. K. Dwivedi, “Antioxidant eﬀects
of α tocopherol, ascorbic acid and L-methionine on lead
induced oxidative stress to the liver, kidney and brain in rats,”
Toxicology, vol. 162, no. 2, pp. 81–88, 2001.
[11] J. L. Mauriz, B. Matilla, J. M. Culebras, P. Gonzalez, and
J. Gonzalez-Gallego, “Dietary glycine inhibits activation of
nuclear factor kappa B and prevents liver injury in hemor-
rhagic shock in the rat,” Free Radical Biology & Medicine, vol.
31, no. 10, pp. 1236–1244, 2001.
[12] Z. A. Shaikh and W. Tang, “Protection against chronic
cadmium toxicity by glycine,” Toxicology, vol. 132, no. 2-3, pp.
139–146, 1999.
[13] M. Deters, C. P. Siegers, and O. Strubelt, “Inﬂuence of glycine
on the damage induced in isolated perfused rat liver by ﬁve
hepatotoxic agents,” Toxicology, vol. 128, no. 1, pp. 63–72,
1998.
[14] F. R. M. Al-Neamy, A. M. Almehdi, R. Alwash, M. A.
H. Pasha, A. Ibrahim, and A. Bener, “Occupational lead
exposure and amino acid proﬁles and liver function tests
in industrial workers,” International Journal of Environmental
Health Research, vol. 11, no. 2, pp. 181–188, 2001.
[15] F. Sanguinetti, M. Dompe, and G. Ronca, “Biochemical
evaluationofdamageduetolead:importanceandsigniﬁcance
of erythrocyte zinc-protoporphyrin IX and urinary amino
acid determination,” Annali dell’Istituto Superiore di Sanita,
vol. 13, no. 1-2, pp. 399–407, 1977.
[16] T.OkokoandE.P.Awhin,“Glycinereducescadmium-induced
alterations in the viability and activation of macrophage U937
cells,” Food and Chemical Toxicology, vol. 48, no. 2, pp. 536–
538, 2010.
[17] K.Tomokuni, “δ-aminolevulinic acid dehydratase test for lead
exposure,” Archives of Environmental Health,v o l .2 9 ,n o .5 ,p p .
274–281, 1974.
[18] G. L. Ellman, “Tissue sulfhydryl groups,” Archives of Biochem-
istry and Biophysics, vol. 82, no. 1, pp. 70–77, 1959.
[19] H. Ohkawa, N. Ohishi, and K. Yagi, “Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction,” Analytical
Biochemistry, vol. 95, no. 2, pp. 351–358, 1979.
[20] Norma Oﬁcial Mexicana NOM-199-SSA1-2000, Salud ambi-
ental. Niveles de plomo en sangre y acciones como criterios
para proteger la salud de la poblaci´ on expuesta no ocu-
pacionalmente http://www.salud.gob.mx/unidades/cdi/nom/
199ssa10.html.
[ 2 1 ]O .H .L o w r y ,N .J .R o s e b r o u g h ,A .L .F a r r ,a n dR .J .R a n d a l l ,
“Protein measurement with the folin phenol reagent,” The
Journal of Biological Chemistry, vol. 193, no. 1, pp. 265–275,
1951.
[22] A. H. Marcus, “Multicompartment kinetic models for lead. 1.
Bone diﬀusion models for long-term retention,” Environmen-
tal Research, vol. 36, no. 2, pp. 441–458, 1985.
[23] J. L. E. Wittmers, J. Wallgren, A. Alich, A. C. Aufderheide, and
G. Rapp, “Lead in bone. IV. Distribution of lead in the human
skeleton,” Archives of Environmental Health,v o l .4 3 ,n o .6 ,p p .
381–391, 1988.
[24] D. N. Kachru, S. Khandelwal, and S. K. Tandon, “Inﬂuence
of methionine supplementation in chelation of lead in rats,”
Biomedical and Environmental Sciences, vol. 2, no. 3, pp. 265–
270, 1989.
[25] K. Nishida, Y. Ohta, and I. Ishiguro, “Glycine facilitates γ-
glutamylcysteinylethyl ester-mediated increase in liver glu-
tathionelevel,”EuropeanJournalofPharmacology,vol.333,no.
2-3, pp. 289–292, 1997.
[26] N. T. Christie and M. Costa, “In vitro assessment of the
toxicityofmetalcompounds.IV.Dispositionofmetalsincells:
interactions with membranes, glutathione, metallothionein,
and DNA,” Biological Trace Element Research,v o l .6 ,n o .2 ,p p .
139–158, 1984.
[27] Q. Y. Liu and G. J. Fan, “The research development of
the cooperative drugs in the Pb expelling,” Foreign Medical
Sciences, vol. 24, pp. 11–19, 1997.
[28] V. Sharma and D. Pandey, “Protective role of Tinospora cordi-
folia against lead-induced hepatotoxicity,” Toxicology Inter-
national, vol. 17, no. 1, pp. 12–17, 2010.